Background Readmission following an acute coronary syndrome (ACS) is frequent in our community. Patient specific factors identifying those at risk of readmission are poorly described. Methods Data were analysed from 5219 patients with an ACS enrolled in the Australian and New Zealand population of the Global Registry of Acute Coronary Events (GRACE) between 1999 and 2007. Patients who were readmitted for cardiovascular disease within 6 months of discharge were identified; regression analysis was used to predict independent patient factors associated with readmission 1 month and 1-6 months after discharge. Results 1048 patients (20.1%) were readmitted within 6 months, with a significant proportion (n=434, 41.4%) of readmissions occurring within 30 days of discharge. Readmission within 6 months was associated with a higher incidence of unscheduled cardiac catheterisation (HR 25.64, 95% CI 18.41 to 35.71), unscheduled percutaneous coronary intervention (PCI) (HR 15.78, 95% CI 10.56 to 23.59), stroke (HR 1.92, 95% CI 1.08 to 3.43), and death (HR 2.40, 95% CI 1.66 to 3.49). Recurrent ischemia in hospital and a diagnosis of S-T elevation myocardial infarction during the index admission were associated with the strongest risk of early rehospitalisation, while revascularisation by PCI or coronary artery bypass surgery (CABG) was associated with lowest risk of early readmission. A history of heart failure, prior myocardial infarction or angina was associated with a greater likelihood of later rehospitalisation, whereas revascularisation by CABG was associated with the lowest risk of later rehospitalisation. Conclusions Several patient and clinical factors identify patients at higher risk of readmission. Identifying these factors and escalating in-hospital and post-discharge care for these higher risk patients may prevent readmission and improve outcome.
INTRODUCTION
An acute coronary syndrome (ACS) is well recognised as a major cause of death and disability and contributes to approximately 95 000 hospitalisations annually in Australia. 1 ACS events carry a high economic burden, with cardiovascular disease related healthcare cost amounting to $5.5 million per year; 50% of that amount is spent on care received during hospitalisation. 2 Among those who survive an ACS event, rehospitalisation is a common, costly, and often preventable outcome. [3] [4] [5] US data suggest that 13.4% of acute myocardial infarction (AMI) admissions were followed by a readmission within 15 days, accounting for 21 000 admissions at a cost of $136 million. 6 While late (>30 day) readmissions have been attributed to disease specific risk factors, early readmission following index hospitalisation is also widely regarded as reflective of quality of care received. 6 This is particularly relevant in the context of progressive declining length of stay following hospitalisation and increased pressure for early discharge of patients seen in Australia. 1 The Global Registry of Acute Coronary Events (GRACE) is a large multinational ACS registry. 7 The Australia and New Zealand (ANZ) population of this registry was collected over nearly a decade and represents the largest ACS registry population in ANZ. We have previously shown improved utilisation of evidence based therapies, improvement in patient outcome and a reduction in readmission at 6 months following an ACS event in this population over nearly a decade. 8 We sought to characterise patients who were readmitted following an ACS event, and to evaluate early (≤30 day) versus later readmission (30 days to 6 months) following ACS admission and to assess patient characteristic that predicted early and late readmission in the ANZ population.
METHODS

Study population
Full details of the GRACE method have been published previously. 7 GRACE is designed to reflect an unbiased population of patients with ACS. Patients enrolled in the GRACE registry were at least 18 years of age, and presented with symptoms suggestive of coronary ischaemia. In addition to symptoms, patients were required to have either ECG changes consistent with ACS, elevation of serum cardiac biomarkers of myocardial necrosis or documented coronary artery disease. ACS precipitated by non-cardiovascular co-morbidity such as anaemia or trauma was excluded. To enrol an unselected population, the first 10-20 consecutive eligible patients were recruited from each site per month. Data were collected by trained coordinators using standardised case report forms.
Demographic characteristics, medical history, presenting symptoms, biochemical and electrocardiographic findings, treatment practices, and a variety of hospital outcome data were collected. Selected study outcomes were assessed at 6 months postdischarge. These included unscheduled readmission rates, unscheduled procedures (coronary angiography, percutaneous coronary intervention (PCI), coronary artery bypass surgery (CABG)) and 6 month complications.
Standardised definitions for all patient-related variables and clinical diagnoses were used. For this analysis we limited our study to the ANZ population enrolled in the GRACE registry between 1999 and 2007. We included all patients with a discharge diagnosis of confirmed ACS. 7 We included patients who directly presented to hospital as well as patients transferred from an outlying hospital.
Statistical analysis
Data are summarised as frequencies and percentages for categorical variables. Continuous variables are presented as mean and standard deviation if normally distributed; otherwise data are presented as medians and 25th and 75th percentiles. For comparative evaluation of temporal trends, we divided the period of enrolment into 3-yearly groups (1999-2001, 2002-2004 and 2005-2007) . Patients were also stratified according to their level of risk at presentation (low, intermediate and high risk) according to the GRACE risk model for in-hospital death using previously published cut-off values. 9 The log rank χ 2 statistic was used to evaluate for difference between risk groups for each year group. We further evaluated the temporal trend (increase or decrease) in the outcome variable across year groups for each risk category. The double sided Cochran-Armitage test for trend or logistic regression was used to evaluate temporal trends. Stepwise logistic regression analysis was performed to evaluate for independent predictors of readmission. All univariate predicators of readmission with p values of <0.10 were included in the regression analysis. Adjusted OR and 95% CIs were reported for the independent predictors of readmission and outcome associated readmissions. The adequacy of the regression model was assessed with the Hosmer-Lemeshow goodness-of-fit test. A p value of <0.05 was used as a cut-off for statistical significance. The analysis was performed using SAS V.9.1. Data were >98% complete for all variables, with the exception of referral for cardiac rehabilitation where complete data are only available from year 2000 onwards.
RESULTS
A total of 5615 patients with a confirmed diagnosis of ACS (S-T elevation myocardial infarction (STEMI), non-STEMI or unstable angina pectoris) were enrolled into the study from 11 hospitals in ANZ, of whom 5219 patients were discharged alive from the index hospitalisation. Of these patients, 1048 (20.1%) were readmitted within 6 months of discharge from index hospitalisation, with 434 readmissions (41.4%) occurring with the first month and the remaining 634 (58.6%) occurring at 2-6 months. Over the 9-year enrolment period, overall rehospitalisation rates declined from 23.7% to 15.6% ( p for trend <0.001) (figure 1). This decline was observed in both early rehospitalisation ( p for trend 0.002) and in later rehospitalisation ( p for trend <0.001).
Baseline characteristics
The baseline characteristics of readmitted patients and those who were not readmitted are shown in table 1. Patients who were readmitted were older, more likely to be male, and had a greater burden of cardiac risk factors and prior cardiac disease at index hospitalisation. Readmitted patients were more likely to have had evidence of heart failure (as indicated by the higher Killip class) and were generally at higher risk of further events at index hospitalisation as indicated by the GRACE risk score (all p<0.001). 
Independent predictors of early rehospitalisation (<30 days after index ACS admission)
Female gender, background history of hyperlipidaemia at index hospitalisation, in-hospital prescription of calcium channel antagonists, recurrent ischaemia in hospital, a diagnosis of STEMI and high risk status by the GRACE risk score were associated with a higher risk of first rehospitalisation within 30 days of discharge from the index ACS admission (table 4) . In contrast, revascularisation (PCI or CABG), echocardiography in hospital, and admission during the most recent year group (2005) (2006) (2007) were associated with a lower risk of rehospitalisation within the first 30 days of discharge from the index admission.
Independent predictors of late rehospitalisation (2-6 months after index ACS admission)
Patients with a greater burden of cardiac disease at index presentation, including prior history of AMI, angina and hypertension were at increased risk of late rehospitalisation (table 5) . Prior history of heart failure (OR 1.69, 95% CI 1.30 to 2.19) and clinical evidence of heart failure at index admission (as assessed by Killip class >1) (OR 1.31, 95% CI 1.05 to 1.63) were strongly associated with increased risk of late rehospitalisation. Higher diastolic blood pressure at index presentation and more recent year of enrolment were associated with a lower risk of late rehospitalisation. Revascularisation by CABG was associated with the lowest risk of later rehospitalisation (OR 0.43, 95% CI 0.25 to 0.75).
DISCUSSION
Our study suggests that rehospitalisation for heart disease following an ACS remains a significant problem in the ANZ population. While both early and late rehospitalisation promisingly declined over the 9-year study period, even in the most recent year group, 15.6% of patients (ie, nearly 1 in 6 patients) required rehospitalisation within 6 months of discharge, with more than a third occurring within 30 days. The high associated rates of unscheduled procedures and adverse outcome suggests a persisting burden on both patients and health service providers. Early rehospitalisation within 30 days of discharge is potentially preventable. As such it is widely regarded as measure of CABG, coronary artery bypass graft; NSTEMI, non S-T elevation myocardial infarction; PCI, percutaneous coronary angiography; STEMI, S-T elevation myocardial infarction; UAP, unstable angina pectoris. quality care and often reported as a hospital performance measure. Early readmission rates reported in the literature vary substantially due to the heterogeneity in study types and reported outcomes measure. Accepting this limitation however, the 30-day readmission rate of 5.66% reported in our study in the most recent enrolment period is substantially lower than the 11.3-28.1% 30-day readmission rate reported in systematic reviews of rehospitalisation. 6 While this may suggest comparatively better quality of care within the hospitals included in this analysis, there remains the potential for further reduction in early rehospitalisation. Recurrent ischaemia in hospital and presentation with STEMI were strongly associated with rehospitalisation, whereas revascularisation (by PCI or CABG) was associated with reduced early rehospitalisation. This suggests that better detection and aggressive treatment of underlying cardiac ischaemia (by revascularisation where appropriate) may potentially prevent early rehospitalisation. This is in keeping with a substantial amount of literature which suggests improved outcome for patients with significant ischaemia who are revascularised following an ACS event. The association between female sex and increased risk of early rehospitalisation may also be related to underlying ischaemia. More common atypical and complex ACS presentations and a more conservative approach to revascularisation among women are well documented in the ACS literature. 10 In contrast to early rehospitalisation, late rehospitalisation (>30 days) is generally attributed to disease specific risk factors. In our analysis, past history of AMI, hypertension, angina and heart failure prior to index hospitalisation (or at presentation) were all associated with increased risk of late rehospitalisation. While late readmissions may seem less preventable, it is important to note that they form nearly two-thirds of all readmissions. There are two broad ranges of interventions proven to reduce readmission in this cohort. Cardiac rehabilitation is well established in reducing mortality, revascularisation and readmission following an AMI. 11 12 Specialised heart failure programmes, including dedicated heart failure clinics and heart failure home visits programmes, are known to reduce readmission and cost, and improve outcome among heart failure patients. However, contemporary data from Australia suggest that only approximately 50% of patients are referred to cardiac rehabilitation on discharge. 8 Furthermore, only 6.5% of hospitals in Australia have heart failure management programmes, with many not adhering to expert management guidelines, 13 suggesting that these preventative interventions are significantly underutilised.
Our analysis suggests that both early and late rehospitalisation have declined over the 9-year enrolment period, even when adjusted for differences in patient presentation and management. We have previously shown that the presentation risk (as measured by the GRACE risk score) remained unchanged in this population over this enrolment period. 8 Furthermore, the lack of difference in prognostic impact of readmission over the study period suggests that a higher threshold for readmission was not a factor, and the observed decline in readmission is likely to represent improvement in patient management and outcome. While we did not find any association between individual treatments and improved readmission rates (other than for PCI and CABG), it is likely that this observational study was underpowered to detect effects of individual agents on rehospitalisation rates. Furthermore, GRACE did not systematically collect data on post-discharge care, which may have influenced rehospitalisation rates over the enrolment period.
CONCLUSION
Rehospitalisation for heart disease remains frequent despite advances in management of ACS patients over nearly a decade and is associated with adverse patient outcome. There are clearly identifiably patient characteristics which are associated with a high likelihood of rehospitalisation. Better identification of these characteristics, ensuring equity of access to revascularisation for high risk patients and implementation of interventions proven to reduce rehospitalisation, are strategies to ensure continued improvement in readmission rates in the future.
